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u-^*\!- \sj ' r , ) , t u v < -a L T 

aa"' n ^ i - j ^ i ( ■> ■} 1 

v di > _l _ _> _ _s 

< tnnada? ,•>; t t -,a^U!ii \ • „ ao s r a_ hb>.ni 

"< > < n v - > b " I t I i 1 r „ Jil r 

the absence of circulation, cells begin to undergo irreversible changes thai, lead to death. "Hie 
rauscalaa contractions: of the bean are the driving ferae heboid e;nrahdon- 

^ < v , T. » h T i 3 s t T ^ i m O T f t 

can be etunabued as contract ;tc ineiubrane mas; be 'v A - . - generally rerrauns 

pokaaaed anal it is stimulated by some change in its envrroanieip. A rosrnbrani: can be 
sd. undated < h , , < ehenucadly, nxnaia icdb or by reniperavare change. 'Tin; nuanaaal 
nulaha th neeac : aaacti -< ' a r s T . T e„ 

maximum $taya.ab.tam sun pb rude that raay be adnarasuaea without eliciting a cautracvion is the 
maximum aahdireshoiG rmapiande. 

Where the raensbrans- is suuaiiaied dec.vrical.Ha. the annabe amplitude required to eii.cn a 
^ N t - - t ,0,^1^ >a> _ b. 

iota! charge iransfhrred is equal to fin: current aacpna.de times the palse duration, increased 




w ith the proa ran ty of the electrode tc the tissue. Fourth, the impulse amphmda reqaa ed ■■■■ ■ elicit, 
a response ;a dependent » the hnang of stirred anon yd tin a the exedsbdhy cyaie. 
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eqK;iauzauo;i waves mrougiiom „ ^ Any ^„ or caeca at arreuiav 

' v ~ u. * r , v i H - ^ 

s emit , , , v _„ 1 ^ , _ - t v >t o* <. u ' . .v.) 

^ Soon a ec^ee.m^na a turns » - - i„ 

aniS si pacemake is i aailec electrodes are generaih 

e< . v v into die tight atrmaa and right ventricle, and the s - 3 1 it ( a I beneath the 

4 1 ' 1 ' 00 S 0 - C '" " ^ ,,,V "V- "C ^ - - r - - 0 ^ 0 . . 0 <U. .U ^ U J v^OU <V 

1 i Js. * j s v ~ i v mima<C ^ w ^ 

" ^ 1 1 1 1 ' >. , pad 

-i^c 1 Lo^» m 11^ -v. ire i v "1 >, ~w mn 

1960s. 

Either cathodal or anodai current may be used to stimulate Use myocardium. However 
uoodalcurre i bought not to b isofui clinic ; . < rhodai current 

1 <i.x r 1. - n 'Hn ih^p • 0 d 0 Vvc 

Cathodal current, by directly reducing there-Sting membrane potemdai toward threshold has a 
>m \. to onedhmd lower r > iv . v n . in late diastole than dec.-, aoodal ourrerd, Ansdsl 
current comprises electrical poises of positive polanty. 1 lie effect of anodai can-eat is to 
>^v ( ti . 1 „ - -res. ..pjp <; stance Ocit; , , < - oM\a i da' c ^ t n moetnu t 
poteotml returns towards resting level, overshoots to threshold, and a propagated response .occurs. 

* 1 1 - - * t'tf i< ^ " v f w v < n < 

' ^'dau - :a\. . sclt etc a, m the earn ? 

an mapianted device and impaired longevity. Additionally, die use of anodai ciareni tor caahae 
* - > i\ ( - < , ~ l , , 

particuiariy at higher vedtagam contnhtue to arrh>dhmogenesis. 



1 aov- ■•- a, v v. s „ m > 1 ^ „ , t - _ ~ % 

t - p a, residua! charge on the electrode. This does not affect or condition: die ^ . 
stseif. Such a use a disclosed io IhS. Patent No. 4,543,956 to Kerscovki. 

r - m • 'o . t S erCNos. A 700 arte 

7 ^ v'mgiwn si k S. Patent .N h345,3 s ai ere e firs id 



goal of this ai s to produce voir i ed for a laii 

output circuit. The i „v oi'the < > . u stumbatioa disclosed are of equal rnagidtnde and 

diit'Stion. 

iisvcndfiK bin id cathead *iih annua pi on eitht i a vanning or 

i t - s ^ s ' ,x - V t i v ' Ar> 

elimnvrbrm do.- drrmAaef gucwt eased srambation drresmbd. The result us a depohinzanon wave 
of increased propagation speed. Tins increased propagator speed results in superior cardiac 
contraction leading to ao improvement ixi blood flow, Improved stimulation at a lower voltage 
level also results in reduction in power consumption and increased bfe for paeemaber badanes. 

As with die cardiac anuria, striated muscle may also be stimulated electrically, 
chemical's'., niechaomally or by temperature change.. Where the muscle poor is stimulated by a 
molar neuron, the neuron transmits an impulse which act; var.es all of the muscle fibers withai lis 
eo.nrreh that na those muscle id; err in its motor unit.. Depolarization a: one region of die 
n e ' tj. i > r » - ! " - 

over die membrane in ail directions away from the she of stimulation Tinas, when a motor 
-tea - i doe tmnukton to conii 

s < n v< i ) The minimum strengbi to elicU a contraction w cubed tire threshold stormius. 
Once dels level oi stuaouladan liar been met, the generally held behef is that increasing the level 
t errors t di d e the muscle fibers vvit eaol sack a 

m <■ v a v n ouv . A o1 \a 

i se sa e. riovvsver. due whole muscle is 



1 pa! present invent! 

hiiprovet mu ula; contractu here dea ulau n is ndic 

^ ,. a- T > 
\ - i - ^ - _ c 1 * 

away. A muscle that caiman be exercised may decrease to half of ds usual sk 



1 bec - Ti ciegene c replaced by t act -.1 pi electric; 

2 stimulation one may maintain muscle tone, such that upon healing or r«generaoos of the nerve 

4 Wher<? susci - ^ssue has been damaged due to injury or &seuse s m - e, . at t process 

5 may 1 assisted by a tot , a stimulation . Enhanced muscle oo v; obtained through the 
4 bi ? hasic stiraulatioxi of the present mvemton. The eombmauor! of cathodal with .nodal pulses of 

7 " hc 1 - ndomngrutarer cor; ^maier numb 

8 units at a \ov, e; voltage i vol each a t > >uperi >t a uaclereso >n§e 

1 0 11 4 therefore an - ,e r of fee present invention to provide improved stimulation of 

1 1 cardiac bason. 

! ~' Ij is another ob J sct * f the present invention to increase cardiac output through superior 

onm m ~o.lr. v mmanr .mn.e .„\,me 

^ : - im i,j ot! . t ^ am ;o v . u n t 

1 'f % is another object of the present. Invention to extend pacemaker battery life, 

1 *>■ % is a further object of the present invention • o obtain effective cardiac stimulation at a 

i 7 1- mv v 

] 't 't >jo< f the present mk eliminate the neceasro 
1 9 eiectncai ieadr in intimate contact with tissue to obtain tissue .stimulation. 

It is a further object of the present invention to provide improved >f m of aaescic 



miner ob a. thepres u mventiOi -, , e coi rata nofagt ter nu she >i 
a v <_ or.:, -r earns < ho^er \ohaet: o 

I 2 - r *scu ar snmnlati rca p-essn 

25 invention includes me administration of biphssic summation to the muscle tissue wherein both 
2b cathodal and anodaj pulses are administered. According to one aspect of tins mventiorp this 
27 -wm , . ,n m lLl 'V , , « . 

'• 8 v - ^ " .'I ft * s* - w > , t v „ t 

~ 9 ! ' - ^ tnca 1 , > 

^ n -ltd t < ccortfeg to a anherasp s 

Tl mmmn a 3 ad-; \mm--' \ omum .r*:n.m.\^ . ;: o ^ e a: „ asperse 

3- The method and apparatus of the present invention enmpnses a first and second 



- - ' - - , e " a 1 - f . r >y < v 

v t ' ~ 1 < ^ * T> 

phcase as s ' sorca v n n 1 <> 1 e 

phase is ramped. In a fifth alternative embodiment the first phase is adabniSiored over 20G 

iW'-\: post heart neat; i.e., greater than 200 r nne ^ after the .^a.v'-.r of a camion: 
beatiop'pongana cycle, li; a pretened alteoiaove i - j > the thro, phase t >S ao 

artodal radse a- nnooreano stbsbireslnbd oropurade for a long deration, arid the second phase of 

aforexnentioneo alternative e;ofoahrnents car; be cotnooied in diitenng fashions, h is also noted 
that rw alternative , - are intended 10 be presented by' v.ny of example J u and arc 
oo: limning. 

j : a::e:aar or elecnontes needed to practice the method of the preoem invention are well 
kltou-T. to those skilled in the am Current oacentaher electronics are capabl e of being 

)^ s it i t s r h-.C 

Fig. t v s ^ a ' .ui^ i o "O . a jw^ts < 

Fig. 2 n a - ' 1 ^ of leading cathodal diphasic n -> 

Fig. 3 in a > r of leading aneoia sbitnbahoii > % level arid long o - O 

toHowod by conventional cathodal ytnnulauono 
,< s «. - * " at f ' J Hi v 1 

_ O f 

Fig, a is a ■schematic representation of leading anodai simulation cHow level nnd short durautO) 
adotttastored in senna roll owed by conveobcaoat cathodal simubatuac 

5 ph c; : v rev vs pacing duration re g a .n-\ 



-s - ^ * ^ n - . ">r ^ >_ .iwca- Oou 1 

2 r n e T >„ s <3 _ 



WO 00/01443 



* ' - 3 5 i 0 

I gare 2 depicts biphasie eiectrica sdmuistion w* rein sirs stimulation shase 
^ ' v - ^ ^ 2 - t , ,, u in < r ^ . ( , rr<>(r 

liar, nrst stimuli- phase is - tt h followed by a secono *^ 
anodai stimulation 20S of equal intensity arid duration. 

Fignre 3 depict a preferred embodiment of fee present invention, therein a first 
stimulation phase cc ©rising ov iv Ion duration anoda suranlatioi 502 bavin amoHiud 

^ . j oLi-j! r - - asj. .onrs * ? cathoda mlanon 308 or o vem <- -e 
anratioTL In an alternative embodiment oolite invention, M stimuktion 3*2 is at maxima 
subthreshold amplitude. In yet another alternative embodiment of the invention., anodal 
stim^tiofl302is l3ss m feres vplts a another aitera ve embodime oftheii e~ m 
anodaj sUmuiaoon 302 ;.% a durat; >>. oi 3ppror;/,.,-Ht;v ovo wh? • .. «; r v. ^ ir , ^ w 
3hsmativ£ ^nbodnnsnt of the invention, cathodal stimulation 308 is of a short duration, hi 
another alternative embodiment of the invention, cathodal stimulation 308 is approximately 03 
to 0.8 nuiliseeonds:. in yet bother alternative embodiment of the invention, cathodal sbmuhuion 
l^S.so^ t .n-> n.. oumtih* alternative erroej men; ft^-^ruo. mod. 
s imtnaiion 308 is m fee approximate mage of three to tweat> wits In ; et anoih - i remat s 
embodimea of i te presen inve d m, , athoda aimula i « SOS sorat urat on he hsi 5 
aiUissc dsanda voltage g»|ffl ^v* la » >era mat 
~ - - ?€2 stcra o erj) milk , j , , „ , , 

db-ei *x he e sHbadimena as well on v_- t K and modifications^ deb 

activation is achieved m the first v >\ 

~ P r e ir ; i: ^ ^_ vn a 

eveUGfe fhe rwnp of rising intend eve! 40o may b, ij KC3 c C3r , tb 
Slope may vary. This auoda! sdmeiahon is nnmediateiy toibwed by a second anmnlatiou phase 
comprising cathodal stimulation 408 of conventional intensity and duration, in an alternative 
ernbodav.eni - . w a-nalai r u _ , . 4it2 > Uj d n . n v ;:r ,, r! - _ ^ ^ H 

amplnudc Iri yet anoth-- a^manv embodiment of me invention, ^nodai s . ^ 402 rises 



u t anodai \> 402 is a ciurauon st two to a-gin iralhsecoiois in 

i un 1 n h at aheras. i ivemion, cat 4 OS 

uppro^mateiy < ? to liseconds In yet another alternative enKxxii^ent of the inveiuion, 
cathodal stimulation 4i>8 is of a high amplitude. \x\ aaoihsr alternative embodiment of the 

k v t ,n- J ' o ^Ov ti Ir.-m j 5 a v , i * !> 

another alismai-ve embodiment of the present invention, cathodal soinulanon 408 is of a duration 
less than 0.3 milliseconds and at a voltage greater than twenty volts. In another alternative 

the maimer disclosed by these erabodrfrioais, as web a-, those alienations and rnodrdcadoris which 

r > v. ! t o ^0 V f c L ' ^ JU 

. i j - ; <.* ■ - a, , > ' . x 5 

. , o. n . M.a'>LUi r ' , x <_ i f - ' 
i - s i \ M 2 o ' i m] > n j Mt - i 

period 506 sa of spaa! duration to stimulation period 508, and is saroom;va?red at baseh.no 
ampbrnde. In an akernaove embodirnens rest period 50b it; of a doors or duration thorn 
stinstdahon pere 508 ami 1 a asrsoese t basdine a:npbrode Ren period 506 occurs after 
c t 50* s t a > j s pri t a 

) N 1 - . ' < ' > 1 A 

esanphmor of seises; 502. In an akeraaiaa earned' men; ofr.be invention, die naiad chargv 

t f v tbroogb v 502 of annual strosidahoii is at the rnaainnnn subhmsshoki level in yet 

another" siremativ a snabods ascot of the raven is on, the first stimulation poise of series 502 is 

( 1 n s a v t p _ * b ^ > I I 

w> o> _„n - u ~ ^ 1 1- * i r • v j v ' , n.n, . •) t m 
i 1.0 n v i -> < N \ V M 

!.nnn.vp >M r «^ * - , > ^ v ~M 3 . > r o ^* 

•• c o • so ' • . . .on of dm invention, eatnndai stimulation 51b is re the approximate 

range of three to twenty volts. In another aliemabva embodiment of the be. vena:,, cathodal 
stimulation 510 is of a daranen lass than 03 milliseconds and at a voltage greaser tbaa twenty 
volts. 

EX VIFLE 3 

n r; n^noaa 



milling and nine millimeters from the stimulation site. Transmembrane potential was 
St ras ' si a ^ traoeUula t i ctr de rhe gprotoc Is vs « d 

monophasic cathodal puis- moncphasic anodai pulse, leading cathodal diphasic parse and 

" ' a - c 

dunrdon. 

TABLE 1 

3 V 4 V 5 v " 

Cathodal Monoj^ac !S,9-2 ,5 era/see 2 1 4 ± 2.o cmAec - ~< + , o 

Anodalwtonophasic 24.0 i 2.3 cm/sec 2 5 2 office >< * 

^ < 'cv^c ^ ; , ; 

M - n ses 8.5 ,i, 0.7 ■■cm/s« 

Table 2 disclose the conducts speed along fiber Orcon n ibr each summation 

pn toc< administered * th sdrau at«ons of three, A u.r and five \oit< and a o raiifcscc >m: n 
duration. 

TABLE 2 

v 1 ,lN r v ■ , „ v s t , 

3 V 4 v 7 v ' " 

at -st >da' A ; L„\ . 45.3 ± 0.9 crnAe 4 CTn \j> 

- 'U^.. 4- _ . ^ s . ' ' 

Leading Anodai Biphasie 52.6 •■• 2.5 eradsec 55.3 ± i .5 cm/sec 54.2 ± 23 ^hZ 

s . _ v ^. ^ s , , ^, o <r ^ Mt,io;o s . j , V - v ^ , 

' °" isme >r&oe potmbai ms nc >. - , 

k '' s| v " ' s yna to correlate weii vvrd e changss c u u 
s^i >c») i f i >:up idi^ direc so:: — tour k pu ac u so u> Hisec >isd dar t or 
^dV/dumax was 63,5 ± 2 A V/sec for cathodal and 75.5 ± 5.6 V 'sec for anodai paiaes. 
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EX. AMPLE 2 

asmg Langendorft' prepared isolated rabbit, hearts. Sturmdabon was applied to the heart n a 

<U L " - gl 1 * " L " , > h , p OuU 'J* V - ^ 

pv;bi monopha thodai pui 5 > i L r ' > <J t 

pulse. i ~ 1 t : «- x^o 

„ > , - « T 1 *- s on i t 

i f,S s , <. i i , ve.et ( 

vexi'scxar liber direction at a durance -v % . three to sic ualhmeiera morn the ieh - : « ' 
f i ; i e „ o - > n ti on j tion asd the protocol o 

stimulation vev on the conduction velocities. 

Figure 6 depicts the velocities measured between three miliimeterx and six ~ 
transverse to the fiber direction, in this region, cathodal nauKubiasic smroeuadon 602 

i < f i da ' e s >v ^ 

The fastest conduction velocity k demonstrated by leading anodal biphase stuneiabou 60S. 

Figurs 7 depicts the velocities measured between three millimeters and six xrdllimefers 
parallel re the fiber direction. In mis region, cathodal monopbasic stimulation 702 demcuismates 
i i 4 * ciauor nob. d stea \ t , aau oasuits o 

* 704 aj tg eathodai brp n "06 rue sin la 

v , ^ .... * ^ ^ - ,TU" -i . ^ J!v 0 » 

iv- ioc tve velocity is demon ■> > > phasic stiroulat.it 708 

b; one aspect of the ir.venuoxt, electrical annotation is acotu ulster eb to the cardiac muscle 
The antral sonmuiuee. aoioptmetu oibiohastc . ~i . sttuudaoor; augments cardiac 
eonrractuhy by ip- pcrpoianruu' the tissue poor to excitation leading to taster impulse 

efiet v car a a to non at a iowt tag vci th u iidbereqr;i A wit modal 
r r uia* r 1 educes ussoe ac gt 

r^y-dj n bar ha m; entering and surron boa v tables cardiac 



aU;r<inr<t- ^« , - £ ,„ h s - 1 _ t ^ t n 
mascie tissue Tin ami anon of anodal wit oachoc simm tioj est 



muse 



Having feus u.t, i \f me basse eoncep: of the mvemion, it will be readily apparent t 
< than * 5 & ^ discbsui eoacih h asemuib 

exampk onh and is not limiting Various alterations, improvement and m riiucati sj ; wi 
-ccurandan ten ea i cseski die art, but are no? express edhe Em 

w ,s ' £ r tsting pacemaker eleeironies with appropn&te programming 

Accordingly, the invention is limited only by the following claims and equivalents thereto. 



ckforapa 3 fast et:ircT;adon phase war a inn phase polarity, a firs; phase aupfotuck. a arai 
phase shape and a lira: phase duration for preetnfomoforsg live myocardium to accept subsequent 
atrnmkuem 

) , « rv 1 i i , | If 

-s i 'k pe>„^ „ ' < m> > f >. j e - r u , u>, , n , T > a * v e o 
. m , c - 

applyiiig trie Ursi mmuaanen phase and dm secern; sumfoanori phase in sequence to 
cardk 1 a s 

2. The method v r r „ ekctnca'i cardiac pacing of claim I wherem foe first phase 
poiariry is posfove. 

3. The method ikrhiphask cleanses] cardiac pacing of claim 1 wberefo aha first phase 

4 cms orfopk e electric rdiacpa m e.Tc: f >, ken 

a v m -1 ^ v\ 0 V a - 1 

oekr - aL ' ^ a ' 

$ T j -> a e 1 e^ t a-n^^et . 
moi i d i - enem ^ 

- H i n -ra - . 1 mam i mi r , arr 5^\T-n. p r m ^ - 

^ ^ v . . n , ^ h s i n - 'f 

?. The method for hipfoaac eleefocai cardiac pacing of claim 6 whereto the rest period is 
of equal deration to the krnalatmg pulse 

>> a e v - c . a, .m m ' s, ^ . o - . ^ i" ( ' M| . am* m<a-.^ 

' uma ,\va™:vra mate ' . memuk 



duration a: at least as loop as foe second phase curat; en. 

Ik The -method for bmhaae e! ecu-ma] cardiac pa 
dnraiion is about one to nine aahlkecorfoa. 
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f ^ m L , SCC kk 

13. The method for bmbas.c dectncai cardiac pacing a? - u 1 wherein the second 
phase amplitude is about two volts to twenty volts, 

14 rhemelhoc fos t% P' baSK ^eerrieal card* racing < da i I whc em fm secoix 
phase, duration is less than 0.3 milliseconds and ta . second ampbmde .is greater than 20 
vohs. 

15. The memod for hphamc .aectnmd .-srd;a; aaurm eTelatm 3 wttereic the see >nd 

° ' * * ^ ^ " A ^ ' " f *> ".'.JrOinL* dV5 t 

17. The method for biphasic electrical cardiac pacing of claim 3 therein the first phase 
dmum.;. : ericas:-;; ue as he x^ad 5 se ew> at 

IS. Dk metb > for bipl as e electrical eardi , p^j ? « ch a * vher ■ the ft j phase 
durarioo is about one to nine mi Hi seconds. 

i>ri n>e method ror Diphasic electrical cardiac pacing of claim 3 whemm fee second 
phase duration is about 0.2 to 0.9 milliseconds. 

2i), The method for biphasic electrical cardiac prang of, lane ?■ vmerem the ssccmd 
pause , m,.< < about ova \t, twenty 

21. Phc meth; d tor t iphask ilectrioal cardiac pacing if emits 3 wherein tlte second 
phase duration is less, than 0.3 milliseconds and the second phase amplitude ; > greater- mac; 20 
22 volts. 

24 stmmlahon phase- is initiated greater than 200 milliseconds after completion of s cardiac beating 
IS ey- 

26 23 - A method for biphasic electrical cardiac pacing comprising: 

27 , , — ^ of a Mm* stm.uut.vi* nhav - * -» to sv o> ■ • . . -hav an 

28 « si stimulation phase c pri 
29: lp s ; t ivcpola 

30. atlrssphas amps- mac 

3 1 a mat pha.se scape; and 

" N ~ e dur - v ma n said fir seg tales _ a, * } 0 fc 
33 " ,h8reb ^h&stpha-du » e coods and wherein sak 



20 
21 



:n:rnuianor; phase n; iiikaittd areaier fear:; 200 iTiTlliseoonds: after cornpkuOn of a cardiac beaming 
cyck; 

icai ^ i - ^ \ ! ' i „ , H i T ft e f ( £C 

ph^e c- ;'> : 

a negative poknps 
a second phase amplitude; 
a u&cmid pbase shape; ar;d 

a secciui phaye dLaauora wherem said second phase aarrphiude is abou; ^ volts 
) , o v ^ T a i i u t <■ 

applying the first surriuUffion phase and the second sthnui alias"; phase -is sequence lo 
cardiac tisaas. 
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